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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

This invention relates to a process for recover- 
ing valuable metals such as zinc, iron and the like 
from an iron dust containing zinc therein such as 
the one generated in an electric arc furnace for 
steel manufacture or the like. 

DESCRIPTION OF THE PRIOR ART 

A dust generated in an iron and/or steel melt- 
ing furnace such as the electric arc one is collected 
by means of a dust collector. The amount of the 
dust generated normally corresponds to 1 to 1.5% 
by weight of the crude steel manufactured, and the 
dust contains 25 to 30% by weight of iron, 20 to 
25% by weight of zinc and 3 to 4% by weight of 
lead therein. The present situation is, however, 
such that it is to be subject to a collective treat- 
ment by specific refiners to whom the dust gen- 
erated is handed over due to unavailability of a 
proper and easy recovering method thereof which 
can be operated on a simple and small scale. 

Several methods have been proposed such as 
a rotary kiln method and also lately, a treating 
method using plasma heat. 

FR-A-1 544 303 discloses a method for treating 
metal-containing dust and mud where the dust or 
mud is formed into nodules by mixing it with water, 
solid reductants and fluxes. The nodules are trans- 
ferred to a shaft furnace for drying. Reduction and 
melting of the charge are achieved in a conven- 
tional way. The volatile zinc and lead are con- 
densed and caught up in a filter. 

US-A-3 756 804 discloses a method similar to 
the one of FR-A-1 544 303 but with a two zones- 
shaft furnace. The upper section is used for 
preheating, while the lower is used for reduction of 
the flue dust during grinding or thereafter. The 
pellets are not melted during the process. 

These methods, however, have drawbacks 
such as the complexity of process, high operation 
costs or the like. 

Therefore, this invention has been completed, 
taking into consideration such circumstances. 

SUMMARY OF THE INVENTION 

One object of this invention is to provide a 
process for recovering easily and economically 
valuable metals from an iron dust with a high 
concentration of zinc. 

A further object of the invention is to provide a 
process for recovering valuable metals from said 



iron dust, which comprises palletizing the dust into 
pellets, removing in advance the loss on ignition 
and solid carbonaceous materials in the pellets at 
the preheating step, charging the resulting pellets 

5 into an induction furnace together with an additional 
carbonaceous solid reductant to mel^ and reduce, 
and separating zinc by means of vaporization, iron 
and lead by means of the difference of the respec- 
tive specific gravities. 

70 A further object of the invention is to provide a 
process for recovering valuable metals from said 
dust by prereducing said pellets under the con- 
ditions of gas so as to prereduce iron oxide selec- 
tively, but control the reduction of zinc practically 

75 at zero level after the preheating, thereby the con- 
sumption of energy needed in the process can be 
reduced to a considerable extent. 

Further objects of this invention will become 
apparent from the following description of the in- 

20 vention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 and FIGURE 2 are illustrative exam- 

25 pies of the flow charts of apparatuses for the pro- 
cess for recovering valuable metals from a zinc 
containing iron dust according to this invention. 
Particularly, FIGURE 2 is the flow chart for a pre- 
ferred embodiment of this invention. 

30 FIGURE 3 shows a diagram for the conditions 
of gas to be charged into a prereducing zone in a 
shaft type furnace 2 in FIGURE 2. The region 
shown by hatching illustrates the most preferred 
conditions for gas for the preheating and prereduc- 

35 ing step of this invention, which is surrounded by 
the equilibrium curves of ZnO + CO » Zn + CO2, 
C + C0 2 * 2CO and FeO + CO ■ Fe + C0 2 
when the pressure of zinc and those of carbon 
monoxide and carbon dioxide are set up at 0.02 

AO and 0.98 atmospheric pressures, respectively. 
However, for a purpose of simplifying the matter, 
other gas components expected in the practical 
case were omitted in this diagram. 

The figures and symbols used in FIGURE 1 to 

45 FIGURE 2 are: 

1 ... pelletizer, 2 ... shaft type furnace used for 
preheating (or preheating and prereducing), 3 ... 
low frequency induction furnace, 4 ... trap pot for 
lead, 5 ... condenser for zinc and lead, 6 ... a 

50 cooling launder for zinc and lead, 7 ... circulating 
pump for zinc and lead, 8 ... combustion furnace, 9 
... coke dryer, 10 ... dust collector, 11 ... chlorine 
scrubber, 12 ... desulfurization unit, 13 ... heat 
exchanger, 14 ... gas holder, C ... coke, G ... 

55 exhaust gas, A, A1 , A 2 ... air, CO ... carbon monox- 
ide gas, ® charge regulator having reverse- 
current stopper. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

This process for recovering valuable metals 
from an iron dust containing zinc at a high con- 
centration therein comprises (a) palletizing the dust 
into pellets with a pelletizer (1), <b) preheating the 
pellets in a shaft type furnace (2) for drying them, 
removing the loss on ignition and burning solid 
carbonaceous materials in the pellets to remove 
the materials by means of a hot gas charged from 
a furnace (8), whereby the subsequent bursting of 
pellets can be prevented; (c) charging the resulting 
pellets into an induction furnace (3) together with 
an additional carbonaceous solid reductant, (d) 
melting and reducing iron oxide, zinc oxide and 
lead oxide contained in said pellets in the induction 
furnace (3) with said solid reductant, whereby re- 
duced zinc and a part of reduced lead are vapor- 
ized, (e) separating zinc and lead in a gaseous 
state by vaporization, condensing them by a con- 
denser (5) to obtain crude zinc and lead, and (f) 
separating iron and lead by means of the dif- 
ference of their specific gravities to obtain molten 
pig iron and crude lead in the induction furnace (3), 
respectively. Thus, the valuable metals such as 
iron, zinc, lead and the like are recovered easily 
with a lower energy consumption. 

If a shaft type furnace consisting of two zones; 
one is installed in the upper part, and the other is 
installed in the lower part is employed, this process 
can be carried out more efficiently, thereby the 
valuable metals are obtained more efficiently. That 
is, the pellets are charged into the shaft type 
furnace having said two zones, and the charged 
pellets are dried and preheated in the preheating 
zone in the upper part, and the preheated pellets 
are going down naturally and then prereduced in 
the prereducing zone in the lower part by means of 
the exhaust gas from an induction furnace 3. Espe- 
cially, the conditions of gas in the prereducing 
zone is regulated by the ratio of CO2 to CO at a 
combustion furnace 8 so as to control the reduction 
of zinc oxide as low as possible but prereduce iron 
oxide selectively. After the prereducing process is 
over, thus treated pellets are charged together with 
an additional carbonaceous solid reductant to the 
induction furnace; and zinc, iron and lead are re- 
covered in the same manner as described above. 

As a pelletizer, any type of the pelletizers can 
be used as far as it can manufacture pellets having 
a size of 6 - 15 mm. However, a pan type or a 
drum type pelletizer is usually employed. 

A proper amount of water is added to the dust 
during a process. Normally, the amount of water to 
be added should be regulated in such a range that 
the water content in the pelletilized dust is approxi- 
mately 8 to 10% by weight. 



The best mode of this process wherein the 
preheating and prereducing step is employed will 
be elucidated as follows. A preheating (including 
drying of pellets) and prereducing furnace, any 

5 type of shaft type furnaces having two tuyeres can 
be employed. 

The temperature of the hot gas to be charged 
into the preheating and prereducing furnace is 
800° to 1,000° C. 

10 Additionally, this process can be carried out 
more economically "rf the conditions of gas to be 
charged into the preheating and prereducing fur- 
nace are controlled within the region shown by 
hatching which are surrounded by each equilibrium 

75 curve of FeO + CO « Fe + C0 2 , C + C0 2 = 
2CO and ZnO + CO = Zn + C0 2 . 

In this process, the reducing gas generated in 
the induction furnace is also recycled to generate 
the hot gas for preheating and prereducing step in 

20 the shaft type furnace, in the way as shown in 
FIGURE 2. 

For this purpose, the reducing gas is partially 
burnt in the furnace. An oxygen gas enriched air 
may be used therefor as required. 
25 As a representative example of a carbonaceous 
solid reductant, coke can be given, however, an 
equivalent thereof can be also used. 

Zinc is separated and recovered by vaporizing 
it, taking advantage of its easily vaporizable nature 
30 at a relatively lower temperature due to its lower 
boiling point; sending zinc in a gaseous state to- 
gether with the reducing gas to a condenser in 
which zinc is condensed. 

In case of iron and lead, they are separated by 
35 using the difference of the specific gravities in the 
molten state in the induction furnace and recovered 
as molten pig iron and crude lead, respectively. 

Thus, this invention has the following advan- 
tages: 

40 (I) Valuable metals can be easily recovered; 
because the induction furnace is suitable for 
melting, reducing the pellets and vaporizing zinc 
since the furnace has a high stirring power and 
it can be simply constructed so as to keep its 

45 body gastight. 

(II) The bursting hardly occurs when the pellets 
are charged into molten iron in the furnace be- 
cause the loss on ignition has been removed in 
advance. Thus, the operation with a stable mol- 

50 ten iron can be achieved and the generation of 
the dust can be reduced, too. 

(III) The preheating can be attained in advance 
by burning the carbonaceous material in the 
pellets. Additionally, the reduction of the metal 

55 oxides in the induction furnace occurs only in 
the surface of pellets because the carbonaceous 
materials needed as a reductant is supplied 
from not the carbonaceous materials existing in 
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the pellets, i.e., internal carbon, but those in 
molten iron in the furnace. Therefore, the abrupt 
gas generation at the time of exposing suddenly 
the pellets with internal carbon to a high tem- 
perature and the subsequent bursting of pellets 
can be prevented, and the bumping of molten 
iron and the generation of a dust can be re- 
duced. Thus, the stable operation with a stable 
molten iron can be attained. 

(IV) Iron portion is recovered as molten pig iron, 
and if the formed molten pig iron is charged as 
it is to an electric arc furnace in the subsequent 
step, the sensible heat of the molten pig iron 
can be utilized effectively. 

(V) The reducing gas generated in the induction 
furnace can be utilized as an energy source off- 
site of this process and/or preheating the com- 
bustion air by means of a heat exchanger; said 
gas is burnt to be used as heating medium for 
the preheating (including drying) step, thereby 
the valuable metals can be recovered by con- 
suming less energy. 

Particularly, the following advantages are also 
attained in the case that the preheating and 
prereducing step is employed in the process: 

(I) The electric power consumption of the induc- 
tion furnace can be reduced because of 
prereducing iron oxide in the shaft type furnace 
prior to the charge of the pellets to said induc- 
tion furnace. 

(II) The lifetime of the refractory used for the 
induction furnace can be prolonged according to 
the invention because the content of FeO in the 
pellets which deteriorates the lifetime of the 
refractory is decreased. 

(IN) If the conditions for the gas to be charged to 
the shaft type furnace are set up within a range 
surrounded by the equilibrium curve of ZnO + 
CO = Zn + CO2 corresponding to the partial 
pressure of Zn and those of FeO + CO = Fe 
+ C0 2 and C + C0 2 = 2CO, the concentration 
of zinc being contained in the gas which has just 
passed the prereducing zone of the shaft type 
furnace can be expected to be practically zero 
even in either zinc or zinc oxide because the 
pressure of CO in the gas ascending in the 
interior of the furnace while reacting therein 
would be lowered to a considerable extent and 
the temperature of the gas will be lowered, 
thereby the possibility of the existence of either 
zinc or zinc oxide in the gas will become negli- 
gible since possibly vaporized zinc in the 
prereducing zone will be reoxidized in the 
preheating zone and descend again; provided 
that the partial pressure of CO in the gas and its 
temperature be set up so as to correspond to 
0.02 atmospheric pressure of Zn at the spot 
near to the bottom of the shaft furnace where 



the partial pressure of CO is the highest be- 
cause the operation in the prereducing zone of 
the shaft furnace is carried out under such con- 
ditions that the reduction of zinc oxide is con- 
5 trolled as low as possible and that of iron oxide 
is selectively carried out. 
If the reduction of charged materials is carried 
out only in the induction furnace, an excess gas 
will be generated in a considerable amount. 
70 If, as is embodied by the invention, the gas 
generated in the induction furnace is used as gas- 
eous reductant in the lower part of the shaft fur- 
nace to prereduce said pellets prior to charging 
them into the induction furnace, and further the gas 
76 used for said prereduction of the pellets is burnt in 
the upper part of the shaft type furnace by in- 
troducing combustion air from outside to preheat 
the pellets beforehand, thereby not only the effec- 
tive utilization of excess gas is achieved, but also 
20 the gas generation in the furnace itself is de- 
creased. 

The process according to this invention is illus- 
trated by the following Examples, but is not limited 
thereto. 

25 

Example 1 (Used the apparatus shown in FIGURE 
1) 

The dust collected in an electric furnace was 

30 pelletized into pellets having a size of 6 - 15 mm 
by a pelletizer 1. Thus obtained pellets were 
charged into a shaft type furnace 2, dried and 
preheated therein by a hot gas having a tempera- 
ture of 800° to 1000°C. 

35 Water contained in the pellets was removed at 
the upper part of the furnace, and then the loss on 
ignition was also removed at the lower part while 
going down to the bottom of the furnace. At the 
same time, the solid carbonaceous materials con- 

40 tained in the pellets were burnt and removed as 
well. As a result, the combustion of the carbona- 
ceous materials was used for preheating. 

As the preheated pellets were charged into a 
lower frequency induction furnace 3 together with 

45 coke C, zinc oxide, iron oxide and lead oxide in the 
pellets were reduced and molten therein and the 
remaining metal oxides formed slag Si. 

The reduced iron was discharged as a molten 
pig iron Fe (contained about 4% of carbon) from 

50 the furnace 3 and charged as it was into an electric 
arc furnace. 

The formed slag was discharged together with 
molten iron while feeding power to the furnace and 
stirring molten burden, or the molten iron and slag 
65 were taken out separately from the different outJets 
after stopping power feed. 

The reduced lead Pb was separated in the 
induction furnace by means of the difference of the 



7 



EP 0 174 641 B1 



8 



specific gravity from molten iron, and stored in a 
trap pot 4 from which lead was periodically taken 
out as crude one. 

The reduced zinc was vaporized due to its 
relatively lower boiling point, led to a condenser 5 
together with the reducing gas CO in a gaseous 
state, condensed into a liquid zinc, and settled in a 
cooling launder 6 with the co-vaporized reduced 
lead. After that, the reducing gas was sent to a gas 
holder 12 through a dust collector 10, a chlorine 
scrubber 11 and a desulfurization unit 12 after 
exchanging its heat at a heat exchanger 1 3 with the 
combustion air. From the gas holder, a part of the 
reducing gas was sent to a combustion furnace 8 
as a fuel for obtaining a hot gas for drying and 
preheating pellets. 

The air preheated at the heat exchanger 13 
was also sent to the furnace 8 for combustion of 
the reducing gas CO. 

Furthermore, the exhaust gas from the furnace 
2 was led to a coke dryer 9 and utilized for drying 
coke. Thereafter, the gas was discharged through 
the dust collector 10 outside the plant. 

Example 2 (Used the apparatus shown in FIGURE 
2) 

The pellets pelletized from the dust D were 
charged into the shaft type furnace 2 which has 
two zones - one is a preheating (including drying) 
zone installed in the upper part of the furnace and 
the other is a prereducing zone in the lower part of 
the furnace. In the preheating zone, the pellets 
were heated in a short time by burning CO in the 
gas ascending the prereducing zone, and burning 
internal carbon in the pellets with the air A2, and, if 
necessary, the air was enriched with oxygen. In 
this preheating zone, water and the loss on ignition 
contained were also removed. 

The preheated pellets were then going down to 
the prereducing zone of the furnace 2, and subject 
to reaction with the reducing gas provided from a 
furnace 8 for regulating the conditions of gas to 
prereduce iron oxide selectively. The conditions 
were regulated within the range surrounded by the 
equilibrium curves of FeO + Co = Fe + CO2 and 
C + CO2 = 2CO for the selective reduction of iron 
oxide. It was preferred to set up the conditions in a 
range shown by hatching In FIGURE 3 which is 
formed when the equilibrium curve of ZnO + Co 
» Zn + C02 is added to said two curves by 
setting the pressure of vaporized zinc at 0.02 at- 
mospheric pressure, for example, to control the 
reduction of zinc oxide practically at zero level. 

Then, prereduced pellets were charged into the 
induction furnace 3 together with coke C dried in 
the coke dryer 9. Thereafter, the repetition of the 
procedures of Example 1 gave zinc, iron and lead, 



respectively. 

The reducing gas CO passed through the con- 
denser 5 was led to the furnace 8. In this furnace, 
the reducing gas was partially burnt with the air, if 
5 required, oxygen gas-enriched air so as to meet 
the aforementioned conditions of gas for selective 
prereduction of iron oxide. 

The exhaust gas G was discharged outside the 
plant through the dust collector 10, the scrubber 11 
10 and the desulfurization unit 12 after having been 
utilized for drying coke C in the dryer 9. 

Claims 

76 1.' A process for recovering valuable metals from 
an iron dust containing zinc at a high con- 
centration therein comprising: 

(a) pelleting the dust into pellets with a 

pelletizer (1 ); 

20 (b) preheating the pellets in a shaft type 

furnace (2) for drying them, removing the 
loss on ignition and burning solid carbona- 
ceous materials in the pellets to remove the 
materials by means of charging a hot gas 

25 from a furnace (8), whereby the subsequent 

bursting of pellets can be prevented; 
(c) charging the resulting pellets into an 
induction furnace (3) together with an addi- 
tional carbonaceous solid reductant; 

30 (d) melting and reducing iron oxide, zinc 

oxide and lead oxide contained in said pel- 
lets in the furnace (3) with the solid reduc- 
tant so that reduced zinc and a part of 
reduced lead are vaporized and sent to a 

35 condenser (5); 

(e) separating zinc and lead in a gaseous 
state by condensing them by the condenser 
(5) to obtain crude zinc and lead; and 

(f) separating iron and lead by means of the 
40 difference of their specific gravities to obtain 

molten pig iron and crude lead in the induc- 
tion furnace (3), respectively. 

2. A process for recovering valuable metals ac- 
45 cording to claim 1 wherein the shaft type fur- 
nace (2) is the one having a preheating zone in 
its upper part, and having a prereducing zone 
in its lower part in which the prereducing is 
conducted in such gas conditions that the re- 
50 duction of iron oxide is selectively carried out 
but the reduction of zinc oxide is controlled as 
low as possible by means of charging the hot 
gas from the furnace (8) which can regulate 
said gas conditions. 

55 

Revendications 

1. ProcSde* de recuperation de me*taux de valeur 
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a partir d'une poussiere de fer renfermant du 
zinc a forte concentration, qui comprend: 

(a) la mise en pastilles de la poussiere a 
I'aide d'une pastilleuse (1), 

(b) Ie prechauffage des pastilles dans un s 
four a cuve (2) pour Ies se*cher, I'elimination 

de la perte au feu et la combustion des 
matieres carbon^es solides dans Ies pastil- 
les, afin d'eiiminer ces matieres en introdui- 
sant un gaz tres chaud provenant d'un four 10 
(8), ce qui permet d^viter reclatement ulte- 
rieur des pastilles, 

(c) le chargement des pastilles resultantes 
dans un four a induction (3), conjointement 
avec une addition d'un r^ducteur carbone is 
solide, 

(d) la fusion et la reduction avec ledit niduc- 
teur solide, dans le four a induction (3), de 
Poxyde de fer, de I'oxyde de zinc et de 
I'oxyde de plomb contenus dans lesdites 20 
pastilles, de telle sorte que le zinc nkiuit et 

une partie du plomb rdduit passent a I'etat 
vapeur puis sont envoy^s a un condenseur, 

(e) ia separation du zinc et du plomb a retat 
gazeux en Ies condensant dans un conden- 25 
seur (5), pour obtenir du zinc et du plomb 
bruts, et 

(f) la separation du fer et du plomb grace a 
leur difference de masses volumiques, pour 
obtenir respectivement de la fonte et du 30 
plomb brut fondus dans le four a induction 

(3). 

2. Proc£de" de recuperation de m£taux de valeur 
selon la revendication 1 , dans lequel le four a 35 
cuve (2) comporte une zone de prechauffage a 
sa partie superieure, et une zone de prereduc- 
tion a sa partie inferieure dans laquelle est 
realisee la prereduction dans des conditions 
gazeuses telles que la reduction de I'oxyde de 40 
fer est realisee selectivement, mats la reduc- 
tion de I'oxyde de zinc est maintenue a un 
niveau aussi faible que possible par Introduc- 
tion du gaz chaud, venant du four (8), qui peut 
regler lesdites conditions gazeuses. 46 

PatentansprUche 

1. Verfahren zur ROckgewinnung wertvoller Metal- 
le aus einem Eisenstaub mit hoher Konzentra- 50 
tion an Zink durch 

(a) Pelletisierung des Staubs zu Pellets mit 
einer Pelletisiervorrichtung (1); 

(b) Vorwarmen der Pellets in . einem 
Schachtofen (2) zum Trocknen, Entfemen 55 
des GIQhverlusts und Verbrennen fester 
kohlenstoffartiger Materialien in den Pellets 

zur Entfernung derselben durch Zufuhr ei- 



nes hei/ten Gases aus einem Ofen (8), wo- 
durch sich das spatere Bersten der Pellets 
verhindern laflt; 

(c) EinfOllen der erhaltenen Pellets zusam- 
men mit weiterem, kohlenstoffhaltigem fe- 
sten Reduktionsmittel in einen Induktions- 
ofen (3); 

(d) Erschmelzen und Reduzieren von in den 
Pellets enthaltenem Eisenoxid, Zinkoxid und 
Bleloxid in dem Ofen (3) mit Hilfe des fe- 
sten Reduktionsmittels, so da/J reduziertes 
Zink und ein Teil des reduzierten Bleis ver- 
dampft und einem Kondensator (5) zuge- 
fQhrt werden; 

(e) Trennen von Zink und Blei in gasformi- 
gem Zustand durch Kondensieren dersel- 
ben mittels des Kondensators (5) zur Ge- 
winnung von Rohzink und -blei und 

(f) Trennen von Eisen und Blei aufgrund 
ihres unterschiedlichen spezifischen Ge- 
wichts zur Gewlnnung von erschmolzenem 
Roheisen bzw. Rohblei in dem Induktions- 
ofen (3). 

2. Verfahren zur Gewinnung wertvoller Metalle 
nach Anspruch 1, dadurch gekennzeichnet, 
dafl der Schachtofen (2) eine Vorwarmzone in 
seinem oberen Teil und eine Vorreduktionszo- 
ne in seinem unteren Teil aufweist, wobei in 
letzterer die Vorreduktion unter solchen Gasbe- 
dingungen erfolgt, dafl durch die eine Steue- 
rung der betreffenden Gasbedingungen er- 
moglichende Zufuhr des heifien Gases aus 
dem Ofen (8) zwar eine selektive Reduktion 
von Eisenoxid stattfindet, die Reduktion von 
Zinkoxid jedoch so gering wie moglich gehal- 
ten wird. 
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